S St tu ud dy y D De es si ig gn n: : Retrospective study. P Pu ur rp po os se e: : To review the results and proximal adjacent problems of long fusion (more than 4 levels) according to the level of proximal fusion (L2�T9) in adult lumbar deformity using pedicle screw fixation.
Introduction
With the increasing geriatric population, adult lumbar deformity has become a common and occasionally disabling condition of the spine. Advanced degenerative disease in the facet joints and degenerative disc disease can lead to pain, spinal stenosis, and deformity 1-3 . The initial treatment of patients with adult lumbar deformity is nonoperative 4 . However, if conservative measures fail, surgical treatment would be considered. Surgical procedures should be designed to provide maximum stability with amelioration of neurology, often needing long fusions up to thoracolumbar junction.
Fusion for adult lumbar deformity has been shown to provide a significantly greater decrease in pain and fatigue for patients treated surgically compared to those with adult lumbar deformity who were not treated 5 . Compared with adolescent deformity, fusion for adult deformity is often associated with high rates of complications, including pseudarthorosis, instrumentation failure, junctional problem, and higher morbidity [6] [7] [8] . The major concerns in long fusions for adult lumbar deformity have focused on the distal fusion level and distal instrumentation failure 9-11 , but there are few written reports concerning proximal adjacent segmental failure according to the level of proximal fusion in adult lumbar deformity.
It is the purpose of this study to review the results of long posterior fusion with pedicle screw fixation, according to the level of proximal fusion extent in adult lumbar deformity, and to make suggestions regarding the future management of adult lumbar deformities.
Materials and Methods
Thirty-five adult lumbar deformity patients were retrospectively reviewed after a minimum follow-up of 2 years (range, 2~5.8 years). The apex of the deformity was below L1 on coronal and/or sagittal planes. All the patients were subjected to posterior fusion with pedicle screw fixation. The proximal fusion end was the thoracolumbar junction from T9 to L2, and the distal end was L5 or S1. Patients who had distal instrumentation failure and distal adjacent segmental problems were excluded. There were 5 males and 30 females. The average age at the operation was 62 years (range: 38~75 years). Of the 35 patients, 20 had degenerative lumbar scoliosis, 10 had degenerative lumbar kyphosis, and 5 had postoperative flat back. They were divided into three groups according to the level of proximal fusion: Group 1 (n=14) with fusion up to L1 or L2; Group 2 (n=14) with fusion up to T11 or T12; and Group 3 (n=7) with fusion up to T9 or T10. Demographics and etiologic diagnosis in three groups were shown in Table 1 .
The clinical records were reviewed for operation time, average blood loss, functional improvement, and complications. Radiographic measures were made from 36-inch standing anteroposterior and lateral radiographs taken before surgery, within 1 month after surgery and at the most recent follow-up to assess deformity correction, spinal balance, complications related to the instrumentation, and any evidence of the proximal junctional problem. When the patient had a reoperation for proximal adjacent problem, radiographic evaluation at the most recent follow-up was based on radiographs taken before reoperation. Coronal curve was measured by the Cobb method. Coronal balance was measured by the distance between the C7 plumb line and the center sacral line and coronal imbalance was defined as this parameter ≥30 mm. Local kyphosis was measured by the Cobb method in the sagittal plane. Lumbar lordosis was measured by the Cobb method from the superior end plate of T12 to the upper end plate of S1. Sagittal balance was measured by the distance between the C7 plumb line and the posterior superior corner of S1 and sagittal imbalance was defined as this parameter ≥50 mm. Patients who had preoperative coronal curve of more than 20 / ASJ: Vol. 1, No. 1, 2007 15�were defined as scoliosis, and local kyphosis of more than 10�measured from consecutive 3 segments or more of vertebra as kyphosis (Table 2) . Eight patients had kyphoscoliosis (coronal curve more than 15�and local kyphosis more than 10� ). Proximal adjacent segmental problems included adjacent segment degeneration, compression fractures adjacent to the fusion mass, or proximal screw failure. Adjacent segment degeneration was defined by the presence of at least two of the following radiographic conditions during postoperative follow-up; progressive disc height narrowing of more than 2 mm, decrease in lordosis or increase in kyphosis of more than 5� , spur formation and sclerosis of the adjacent end plate, or translation of more than 2 mm. Clinical outcomes were assessed with the Oswestry score. Surgical procedures were performed by the senior author through a posterior route, including decompression of the stenotic levels and correction and stabilization of the spine with segmental pedicle screw fixation. Decompression was carried out in 27 patients. Correction and stabilization without decompression was carried out in 8 patients. Realignment osteotomies were required in 8 patients to correct rigid curves.
The proximal fusion level was decided upon the preoperative curve angle and characteristics. The basic principle of instrumentation in degenerative lumbar deformity was to avoid ending the instrumentation at an area of junctional kyphosis or at the level of retrolisthesis or spondylolisthesis.
Results
There were no significant differences in demographics nor the magnitude of deformity and preoperative truncal balance between the 3 groups. As a whole, the mean operation time was 201±44 minutes with a blood loss of 2971± 1773 mL. In Group 1, the mean operation time was 190± 50 minutes with a blood loss of 2909±999 mL. In Group 2, the mean operation time was 198±26 minutes with a blood loss of 2717±1715 mL, and 216±49 minutes with a blood loss of 3407±2324 mL in Group 3.
Deformity correction
The number of patients with scoliosis or kyphosis in each group was shown in Table 2 . In those with scoliosis (n=20), the preoperative coronal curve of 28±14�was corrected to 9±7�at immediate postoperative assessment, and 11±7� at the most recent follow-up. The changes of scoliosis before and after surgery based on groups were described in Table 3 . The loss of scoliosis correction during the followup in Group 1 was greater than others, even if the preoperative Cobb angle of Group 1 is the least. In those patients with kyphosis (n=23), the preoperative local kyphosis of 24 ±12�was corrected to -1±10�at immediate postoperative assessment, and 1±11�at the most recent follow-up. The changes of local kyphosis before and after surgery based on groups were described in Table 4 . The loss of kyphosis correction during the follow-up in Group 1 was greater than others, even if the preoperative local kyphosis of Group 1 is the least. Lumbar lordosis was 14±18�before surgery; 27 ±11�at immediate postoperative assessment, and 16±12� at the most recent follow-up.
Balance
Both the coronal and sagittal balance were improved at immediate postoperative assessment in all patients except one in Group 2 who showed coronal imbalance due to overcorrection. Coronal balance was well maintained during follow-up in all groups. Sagittal imbalance was detected in 10 patients at the most recent follow-up with significant difference between 3 groups (p<0.05); 5 out of 14 (36%) in Group 1; 5 out of 14 (36%) in Group 2; and none in Group 3.
Proximal adjacent segmental problems
Proximal adjacent segmental failures were observed in 15 patients during follow-up with significant difference between 3 group (p<0.05); 7 out of 14 (50%) in Group 1, 7 out of 14 (50%) in Group 2, and 1 out of 7 (14%) in Group 3 (Table 5) (Figs. 1-3) . Adjacent segment degeneration developed in 12 patients at the most recent follow-up; 5 in Group 1, 6 in Group 2, and 1 in Group 3. Progressive narrowing of disc height more than 2 mm was the most common type. Compression fracture adjacent to the fusion mass occurred in 2 patients; each in Group 1 and 2. Proximal screw failure was found in 1 patient in Group 1. She underwent posterior decompression L4 to S1, pedicle screw instrumentation and fusion to L2 to S1. The radiographs taken at 2 years after surgery showed proximal adjacent problem with junction kyphosis. (C) Extension of fusion to T10 with pedicle screw instrumentation was performed. In the radiograph taken at 2 year after reoperation, there was no proximal adjacent problem.
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A B C 4. Other results and complications
The preoperative Oswestry scores of 60.5±18.4 in Group 1, 62.4±15.7 in Group 2 and 55.3±12.6 in Group 3 were improved to 45.6±20.7, 48.2±16.4 and 35.6±10.3 at the most recent follow-up, respectively. There was no statistical significant difference in the change of Oswestry score among three groups (p>0.05).
Complications were encountered in 3 patients. One superficial infection resolved with drainage and antibiotic therapy without long-term sequelae. Two patients with cauda equina syndrome secondary to hematoma underwent an immediate surgical decompression and fully recovered within 6 months after surgery. She underwent posterior decompression L4 to S1, posterior lumbar interbody fusion at L5-S1 with metal cage, pedicle screw instrumentation and fusion to T9 to S2 with correction of her deformity. In the radiograph taken at 3 year after operation, there was no proximal adjacent problem.
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Discussion
The prevalence of lumbar deformities had been reported to range from 2.5% to 15% 3,12,13 . In our experience 14 , the prevalence was 4.4% in adults and 8.6% in those over 60 years old, with a rapid increase after the sixth decade. Most of the adult lumbar deformities develop as a consequence of rapid asymmetrical degeneration of lumbar intervertebral discs and facet joint degeneration 15, 16 . In contrast to the asymptomatic adolescent with scoliosis, patients with degenerative deformity often present with mechanical lower back pain, radicular pain and/or neurogenic claudication 1 . As disc degeneration is more rapid in mobile segments, the apex is usually below L1 and the major deformity is in the lumbar region with short reciprocating curves above or below. Attempts should be made to treat patients with adult lumbar deformity non-operatively, but if conservative measures fail, surgical treatment should be considered. Surgical procedure should be designed to provide maximum stability with amelioration of neurology. All diseased segments should be stabilized if possible, and the spine should be balanced after surgery. As the surgical treatment of adult lumbar deformity often needs a long fusion up to the thoracolumbar junction, it is one of most morbid and challenging procedure for spine surgeons.
The results of surgical intervention in adult lumbar deformity have been varied, and only recently improved to an acceptable level. These improvements have resulted, in part, from a greater understanding of the need to balance the spine in both the coronal and sagittal planes of all diseased segments with fusion. Improvements in fixation have been important, beginning with Harrington instrumentation, evolving through Luque segmental instrumentation, and ultimately leading to modern fixation systems of segmental pedicle screw instrumentation 17 . The recent investigations to enhance arthrodesis of L5-S1 with various augmentation techniques have also contributed to improved outcome. However, determining where to stop the proximal fusion is still a controversial topic. Some surgeons prefer to go beyond the thoracic apex, up to T2, T3 or T4, with greater operative morbidity 18 . Others end the fusion at the upper lumbar region increasing the risk of proximal junctional problems 19, 20 . Review of the literature, however, shows a paucity of clinical studies evaluating the long-term outcome and complications associated with ending proximal fusions at different levels.
In surgical treatment of adult lumbar deformity with long fusions, two important anatomic characteristics of the thoracolumbar junction should be considered. Because of the transition from the immobile thoracic spine to the mobile lumbar spine, from the coronal facet plane of the thoracic vertebrae to the sagittal facet plane of the lumbar vertebrae, and from thoracic kyphosis to lumbar lordosis, the thoracolumbar junction is a mechanically weak area. Ribs tend to increase the stability of the thoracic spine by the thoracic cage per se. The thoracic cage effectively increases the transverse dimensions of the spine structure that increases the moment of inertia, resulting in added resistance to bending in the sagittal and frontal planes, as well as resistance to axial rotation. The upper ten thoracic vertebrae (T1~T10) have this mechanical support through the true ribs, but T11 and T12 have false ribs without costosternal articulation. If the whole lumbar vertebrae were fused, stress could concentrate at the thoracolumbar junction as a powerful bending moment and result in proximal failure. In the current study, surgical outcome was analyzed with attention to the extent of the proximal fusion. Proximal stability was reinforced by the chest cage in Group 3 with fusion beyond the thoracolumbar junction (i.e, up to T9 or T10). Group 2 with fusion up to T11 or T12 had costoverterbral articulation with floating ribs, and Group 1 with fusion up to L1 or L2 had no rib support. Significantly more proximal junction problems developed in Groups 1 and 2 than Group 3 with contrast to well-maintained coronal correction in all three groups.
Some authors have stated that maintenance and restoration of lordosis and sagittal balance in the fusion mass were more important than coronal correction in the surgical treatment of adult lumbar deformity [21] [22] [23] . However, in current study, proximal junctional problems developed in Groups 1 and 2 in spite of well-maintained lordosis of the fusion mass. Total lumbar lordosis and sagittal balance were deteriorated at most recent follow-up because of proximal junctional problems. Well-maintained sagittal alignment in Group 3 can justify the anatomical difference of Group 3 compared with Groups 1 and 2.
Swank et al. 19 presented surgical outcomes in long lumbar fusions from L1 or L2 to S1 done for a variety of spinal pathologies including degenerative spinal stenosis, scoliosis, postlaminectomy syndrome, pseudoarthrosis and spondylolisthesis. Of the 20 patients, 7 patients required reoperations for fractures at or above the uppermost instrumented vertebra, adjacent segment degeneration or infec-tion. Only 2 patients had good or excellent clinical result. They concluded that instrumented lumbosacral fusions that begin at L1 or L2 have an unacceptably high mechanical failure rate in adult patients and cannot be recommended. In a recent presentation, Simmons et al. 20 reported adjacent segmental problems in 60% of elderly patients who had lumbar fusions extending to L1 and in 56% of them to L2. Bridwell 24 stated choosing the proximal fuion level requires identification of the stable, neutral and horizontal vertebra in the coronal and sagittal planes. He typically terminates the fusion proximally at T10 or T11 in his adult lumbar scoliosis patients.
The fusion level in Swank and Simmon's study was equivalent to our Group 1. In the current study, half the patients in both Groups 1 and 2 had proximal adjacent segmental problems in contrast to 1 out of 7 in Group 3. Deterioration of sagittal balance during follow-up was observed in 36% of Groups 1 and 2, but none in Group 3. As mentioned above, if the proximal fusion is extended beyond the thoracolumbar junction up to T9 or T10, the bending moment between the instrumented and un-instrumented junction is decreased. The high success rate in Group 3 may be attributed to the unique anatomical characteristics of the thoracolumbar junction.
Conclusions
Proximal adjacent segmental problems and trunk imbalance occurred more frequently in proximal fusions that extended to the thoracolumbar junction (L2~T11) as apposed to the true rib area (T9 or T10) in surgical treatment of adult lumbar deformity. Fusion higher than T10 with restoration of sagittal balance is recommended in the surgical treatment of adult lumbar deformity.
